Background In England, the impact of increased use of antidepressant medications is unclear. We examine associations between antidepressant use, suicide and antidepressant poisoning mortality, adjusted for important covariates.
Introduction
In response to concerns about under-diagnosis and suboptimal management of depression, the 'Defeat Depression' campaign was launched in 1992 by the Royal College of General Practitioners and Royal College of Psychiatrists. 1, 2 Since then, there has been a rapid increase in the use of antidepressant medications. 3 More recently, the National Institute for Clinical Excellence (NICE) has published evidence-based guidelines that recommend a more limited use of pharmacological interventions. 4 Previous studies suggest that the impact of increased antidepressant prescribing has been a reduction in suicides and antidepressant poisoning mortality. However, not all studies found such an association and few adjusted for important potential confounding factors. In this study, we use primary care prescription records to estimate ageand sex-specific prescribing trends, and measure the association between antidepressant prescribing and suicide and antidepressant poisoning mortality, adjusted for important covariates. kill themselves. 5 Open verdicts account for $30% of male and 40% of female suicide deaths. 5 Drug poisoning mortality data for England and Wales from 1993 onwards are stored by the Office for National Statistics (ONS) in a dedicated database. 6 The database contains data on cause of death, individual characteristics (including age and sex) and textual information supplied voluntarily by coroners to ONS. The textual information provides additional details about the drugs involved, including legal and illegal drugs, prescription drugs and over-the-counter medications. Drug poisoning deaths were defined using the International Classification of Diseases codes as shown in Table 1 . Antidepressant deaths were defined as those where an antidepressant drug was mentioned on the death certificate, with or without mention of alcohol or other drugs. A sensitivity analysis showed that excluding deaths with mentions of alcohol, other drugs or both, had little effect on the results. Antidepressant poisoning deaths were further categorized to their British National Formulary (BNF) categories ( Table 2) .
Prescription data
The Department of Health provided data on prescriptions for antidepressant drugs in England between 1993 and 2004. Prescription statistics include all drugs dispensed in the community in England, even if the prescription was written in Scotland, Wales or Northern Ireland. This includes prescriptions written by community pharmacists, dispensing doctors and prescriptions submitted by doctors for items personally administered (i.e. given by the doctor during a consultation). The data does not include prescriptions dispensed in hospitals. Department of Health prescription data is likely to provide a relatively complete picture of antidepressant prescribing in the UK as 90 -98% of patients with depression are treated in primary care. 7 We converted prescription data for each antidepressant drug to Average Daily Quantities (ADQs). ADQ is the assumed average maintenance dose per day for a drug used for its main indication in adults. 8 It is analogous to the Defined Daily Dose 9 and is based on prescribing patterns in England, and therefore better reflects prescribing practice in this country. ADQs are calculated as:
Department of Health prescription statistics are only available as aggregated data. To estimate the proportion of all prescriptions within different age and sex groups, we used data from English general practices in The Health Improvement Network (THIN) primary care dataset. For each year between 1993 and 2004, we identified patients ) separately, we summed the total quantity of drugs prescribed to individuals with a diagnosis of depression in each year and calculated the proportion of the ADQ total in the age-and sex-specific groups for each year. By multiplying national-level data on ADQs by the proportion of ADQs in each age-and sex-specific group within the THIN practices, we estimated the national annual ADQ within each sub-group and between 1993 and 2004. We calculated Spearman's rank correlation coefficient to assess whether suicides or antidepressant poisoning mortality were associated with antidepressant prescribing, with no adjustment for age and sex. 11 Both suicide deaths and antidepressant poisoning deaths were expressed as directly age-standardized rates per million population (standardized to the European population). Antidepressant prescribing was expressed as ADQs per person per year. In addition to considering the association between suicides rates and prescribing rates for all antidepressant drugs combined, we considered all antidepressant prescriptions and poisonings, as well as poisoning and prescription rates for TCAs and SSRIs. As the number of deaths involving other antidepressants was small, we combined this with SSRIs to make an additional category 'SSRI & Other' which we assessed in a similar way. Because drugs other than antidepressants are mentioned more commonly for deaths involving SSRIs than TCAs, we also conducted a sensitivity analysis whereby we calculated Spearman's rank correlation coefficient for each drug poisoning mortality and prescribing category, excluding deaths where multiple drugs were mentioned.
To consider other covariates in addition to antidepressant prescribing, we used a Poisson regression model for suicide and antidepressant poisoning mortality. 12 The Poisson regression model had counts of deaths as the dependent variable and the main independent variable was antidepressant prescribing rate expressed as deciles of ADQ rate (ADQs per person). Covariates included year (1993 -2004) , sex (male, female), age group (0 -14, 15-24, 25-34, 35-44, 45 -54, 55 -64, 65-74, 75 þ ) and the proportion of prescribed antidepressants that were SSRIs, expressed as deciles. A key assumption underlying Poisson regression is that at each level of the covariates, the variance of the dependent variable is equal to its mean. We found that this was not the case for either suicides or poisoning deaths. The mean was consistently smaller than the variance. This is referred to as overdispersion that results in P-values that are too small. One solution to this problem is to use a negative binomial regression model, which is similar to the Poisson regression model, except that it allows for the effect of overdispersion. 13 Although the point estimates of the model coefficients remain similar, the P-values will tend to be larger. All statistical analysis was done using STATA 8.2.
Results
The prevalence of antidepressant treatment in general practices included in the THIN dataset is shown in Fig. 1 . In all age groups (except 0 -14 years), treatment with antidepressants was more common among females than males. For both sexes and all age groups, prevalence of antidepressant treatment increased between 1993 and 2004. Among males, the highest treatment prevalence was among ages 35 -44, 45-54 and 75þ . Males age 25 -34 and 65 -74 had similar, and slightly lower treatment prevalence. Among adult patients, the 15-24-year olds had the lowest treatment prevalence. Unlike other age groups, there was a decline in treatment prevalence in 2004. For females, the general pattern was similar, with the highest treatment prevalence in 35-44-and 45 -54-year olds. Women 25-34, 65 -74 and 75þ years had a slightly lower treatment prevalence. Also, women 15 -24 had the lowest prevalence of antidepressant treatment. There was a notable decline in treatment prevalence in the 15 -24 and 25 -34-year olds from 2002, which was more pronounced than the decline in males.
Prevalence by drug class for males and females is shown in Fig. 2 . For TCAs, the prevalence of treatment declined for both males and females; the decline was similar for all age groups. SSRI prescribing increased for all age groups, but the increase was more pronounced among females, who were far more likely to receive an SSRI than males. Similarly, the increase in treatment prevalence for other antidepressants was greater among females. There has been a fall in SSRI treatment prevalence among 15 -24-and 25 -34-year olds since 2002, which was greatest for females but which also occurred to a lesser degree among males in the same age groups. For those receiving other antidepressants, there was a smaller decrease for males and females aged 15 -24 only after 2003. Prevalence among 0 -14-year olds was much lower than other ages. The prevalence of children receiving TCAs decreased between 1993 and 2004 from 0.64 to 0.15 per 1000. However, for SSRIs, prevalence increased between 1993 and 2002 from 0.13 to 1.13 per 1000, after which it declined to 0.43 per 1000 in 2004. Similarly, for other antidepressants, prevalence in this age group increased from 0 to 0.13 in 2002, declining to 0.04 in 2004. Table 3 shows age-standardized suicide and antidepressant poisoning rates per million population and the rate of antidepressant prescribing expressed as ADQs per person. Suicide rates by all methods decreased from 98.2 to 81.3 per million population between 1993 and 2004. There was a similar downward trend in non-drug poisoning suicide. For all antidepressant poisoning deaths there was a slight increase in 1996 and 1997, followed by a decline until 2004. This was similar for TCAs, but not for SSRIs and SSRIs & Other combined, which increased steadily throughout the study period. Prescribing rates for all antidepressants Spearman's rank correlation coefficient between all suicides and prescriptions for all antidepressants was r s ¼ 20.90 (first row of Table 4 ). This indicates that as antidepressant prescribing increased, the suicide rate decreased. The 95% CI indicates that the correlation could be as strong as 20.97 (almost perfect agreement), or as low as 20.68, which would still be considered a substantial correlation. The P-value (P ¼ 0.0001) indicates that this finding is not likely to be due to chance. The final column of the table indicates that over 80% of the variation in suicide rates over the period 1993 -2004 can be explained by changes in prescribing rates. A similar correlation was also observed between non-drug poisoning suicides and all antidepressant prescriptions (second row). Antidepressant prescribing (all drugs combined) was less well correlated with antidepressant poisoning deaths (third row, r s ¼ 20.65). The wide 95% CI indicates considerable uncertainty around the estimate of correlation and prescribing trends only explained 42% of the variation in poisoning mortality.
Unlike all antidepressants combined, which showed a negative relationship with antidepressant poisoning, increased TCA prescribing was (positively) associated with higher poisoning rates (r s ¼ 0.81), explaining two-thirds of the variation. Similarly, higher prescribing rates for SSRIs and SSRI and others combined were also positively associated with higher poisoning rates. Restricting the analysis of antidepressant poisoning mortality to deaths where only an antidepressant was mentioned on the death certificate did not substantially alter the correlations (shown in the lower half of Table 4 ).
The result of the negative binomial model is shown in Table 5 . In the model for suicide, increasing decile of ADQ was associated with a small decrease in suicides, but this was not statistically significant (IRR ¼ 0.942, P ¼ 0.682). Year was not associated with suicide (IRR ¼ 1.008, P ¼ 0.95), but the rate of suicide was lower among females (IRR ¼ 0.323, P , 0.0001). There was a small increase in suicide rate with older age (IRR ¼ 1.012, P ¼ 0.02). An increasing proportion of prescribed antidepressants that were SSRIs caused a notable increase in suicide rate, although this was not statistically significant (IRR ¼ 2.303, P ¼ 0.331). For antidepressant poisoning deaths, ADQ rate was associated with a small increase in poisoning deaths, but was not statistically significant (IRR ¼ 1.017, P ¼ 0.924). None of the other covariates showed strong or statistically significant associations with poisoning mortality. 
Discussion

Main findings
In England between 1993 and 2004, there was a rapid increase in SSRI prescribing. This is similar to trends reported from other countries in previous studies. 14 A similar, but more gradual increase also occurred for drugs within the group of other antidepressants. Despite the large increase in prescriptions for antidepressants from these classes, the quantity of TCAs prescribed remained relatively constant. SSRIs and other antidepressants do not appear to have replaced TCAs but instead been used to increase the volume of prescribing of antidepressants. Increased prescribing of antidepressants was statistically associated with reduced mortality rates due to all suicides as well as non-poisoning suicides. Antidepressant poisoning mortality also decreased, although the evidence for a statistical association with prescribing rates was weaker. The reversal in the direction of association between prescribing and drug poisoning mortality when drug class subgroups (TCAs, SSRIs and Other antidepressants) are considered, a phenomenon often referred to as Simpson's Paradox, 15 is due to the influence of confounding by drug class on the association between prescriptions and deaths for all antidepressants combined. After adjusting for year, sex, age and the proportion of prescriptions for SSRIs, there was no evidence to support the hypothesis that antidepressant prescribing was associated with suicide or antidepressant poisoning rates. Only in the model for suicide was female sex and older age associated with suicide rates, which concurs with previously reported findings about the epidemiology of suicide. 5 
What is known already
Several previous studies reported associations between increased prescribing of antidepressant drugs and decreases in suicides and antidepressant poisoning deaths. 16 -31 Few of these studies were able to adjust for the potentially confounding effect of age and sex due to the lack of subgroupspecific data on antidepressant prescribing.
What this study adds
It seems reasonable that increased diagnosis and treatment of depression in the community would lead to reduced antidepressant poisoning deaths and suicides. However, even among individuals suffering depression, overdose and suicide are relatively rare 32 and only a small proportion of depressed individuals may be at risk of fatal self harm. 33 Although increased diagnosis and treatment may provide important gains in other dimensions such as quality of life, there may be a number of reasons why the impact on antidepressant poising deaths and suicide may be more limited. First, it is uncertain that non-recognition of depression is clinically significant. 34 -36 Secondly, the efficacy of antidepressant drugs, which are the mainstay of treatment for depression, has been difficult to quantify. 4 Thirdly, there is an uncertainty about the efficacy of antidepressant drugs in the routine clinical setting. 37 As many as 29-46% of depressed patients show partial or no response to antidepressant drugs 38 and 30 -60% of patients to not take their medication as prescribed, 39 possibly due to side effects and misconceptions about the addictive properties of antidepressant drugs. 40 Finally, increased diagnosis and treatment may not achieve reductions in antidepressant poisoning deaths and suicide as more than half the patients treated for depression in primary care have mild depression, for which efficacy of antidepressant drugs is unproven and is thought to be lower than for individuals with severe depression. 41 The large increase in antidepressant prescriptions throughout the 1990s and early 2000s probably reflects increased diagnosis, access and provision of mental health care services in primary care following the Defeat Depression Campaign and government policy initiatives. 1 Increased popularity of newer antidepressant drugs among GPs, mainly due to their better safety profile and fewer side effects, may have also contributed to this increase. 42 Although prevalence of treated depression in primary care increased in all age and sex groups, there was a decline among younger age groups and children after 2002. This is probably due to the MHRAs recommendation not to treat children with SSRIs and Venlafaxine and to be cautious when using these drugs among young adults. 43 Simple correlation analysis suggested that at a population level, increased antidepressant prescribing was associated with reduced rates of suicide and antidepressant poisoning mortality. This was similar to the majority of previous studies. 14 However, after adjusting for age and sex in a multivariable regression model, we found no association. This was also reported by Dahlberg and Lundin in Sweden. 44 
Limitations of this study
This study reports ecological associations between antidepressant prescribing, suicide and antidepressant poisoning mortality. Although unable to infer causality, such analysis can make an important contribution to the body of evidence about the population-level impact of antidepressant prescribing. 45 Few previous studies considered the effects of age and sex in their analysis. 14 We were able to estimate the prevalence of treated depression and proportion of prescriptions in different age and sex groups by projecting prescribing patterns recorded in a primary care dataset. Using this information, we could include prescribing rates by age and sex in a multivariable regression model of suicide and antidepressant poisoning mortality. Although this approach was relatively simple, it assumes that all prescriptions for antidepressants in the national dataset were for the treatment of depression. However, as much as 30% of prescriptions for some antidepressant drugs may be for non-psychiatric indications, such as pain relief or insomnia. 46 In an earlier paper, we showed that poisoning deaths involving SSRIs were more likely to be given a coroner's verdict of accidental death. 47 Our definition of nonpoisoning deaths excluded those with a verdict of accidental death. However, it is possible that some of these deaths may have actually been suicides 48 and that such misclassification may have been associated with an individual's use of a particular class of antidepressant.
The regression models in this study were limited to individual-level covariates. However, early studies by Durkheim showed that societal characteristics also influence suicide. 49 A number of such contextual factors have been studied and reviewed by Agerbo et al. 50 These include social fragmentation and disintegration, religious beliefs, socioeconomic position, unemployment and area deprivation.
Conclusion
As antidepressants are both a treatment and method of suicidal behaviour, the epidemiology of antidepressant prescribing, antidepressant poising mortality and suicide is complex. There has been a large increase in prescriptions for antidepressant drugs and the prevalence of treated depression in primary care. This has not been reflected by a large fall in antidepressant poisoning deaths or suicides. However, concerns that poisoning deaths would increase have also not materialised. In England, there does not appear to be an association between antidepressant prescribing and antidepressant poisoning mortality or suicide.
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